On bells, saliva, and abdominal pain or discomfort: Early aversive visceral conditioning and vulnerability for anorexia nervosa by Zucker, N.L. & Bulik, C.M.
On bells, saliva, and abdominal pain or discomfort: Early
aversive visceral conditioning and vulnerability for anorexia
nervosa
Nancy L. Zucker PhD1,2 Cynthia M. Bulik PhD3,4,5
1Department of Psychology and Neuroscience,
Duke University, Durham, North Carolina, USA
2Department of Psychiatry and Behavioral
Sciences, Duke University School of Medicine,
Durham, North Carolina, USA
3Department of Psychiatry, University of
North Carolina at Chapel Hill, Chapel Hill,
North Carolina, USA
4Department of Nutrition, University of North
Carolina at Chapel Hill, Chapel Hill, North
Carolina, USA
5Department of Medical Epidemiology and
Biostatistics, Karolinska Institute, Stockholm,
Sweden
Correspondence
Nancy L. Zucker, Department of Psychiatry
and Behavioral Science, Duke University




National Institute of Mental Health, Grant/
Award Numbers: R21MH115397, R33-MH-
097959; Swedish Research Council, Grant/
Award Number: 538-2013-8864
Abstract
Gastrointestinal (GI) symptoms are common in anorexia nervosa (AN), can predate ill-
ness onset, complicate renourishment, and persist after recovery. We explore how,
through processes of aversive visceral conditioning, early GI pain and discomfort may
increase vulnerability to AN in some individuals. Processes include enhanced preoc-
cupation with the gut resulting from aversive visceral memories and disruptions in
the typical acquisition of self-attunement when children learn to map and interpret
interoceptive sensations and develop adaptive actions. We question whether a fear
of weight gain, in some cases, may be an epiphenomenon of the recapitulation of
actual or perceived GI symptoms that is especially relevant during puberty, especially
in girls. This conceptualization has immediate clinical implications and offers ideas for
future research. We propose that GI discomfort associated with renourishment may
reignite prior aversive visceral experiences. We encourage development of a formula-
tion that organizes the individual's current experience of the body with respect to
these prior aversive experiences. Our conceptualization underscores the importance
of assessment of GI experiences in individuals with AN; the examination of dietary
strategies that minimize GI symptoms and enhance renourishment efficacy; and strat-
egies that attempt to alter this aversive visceral conditioning by mapping sensations
to meanings and adaptive actions.
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1 | INTRODUCTION
Since the time of Pavlov (1957), it has been well recognized that the
responses of visceral organs can be entrained to cues both within the
body and throughout the external environment. Less understood is
how development contributes to the potency of early aversive
visceral experiences (Kassab, Hamadneh, Nuseir, ALmomani, &
Hamadneh, 2018). In trauma, visceral sensations can become cues
that elicit traumatic flashbacks and subsequent avoidance behavior
related to a remembered trauma. We query whether early aversive
conditioning experiences, particularly those involving the gut, may
contribute to the phenomenology and pathophysiology of anorexia
nervosa (AN). Although aversive conditioning has an obvious role to
play in some presentations of avoidant restrictive food intake disorder
(ARFID; Zucker et al., 2019), exploring the role of aversive condition-
ing in AN may clarify our conceptualization of the disorder for
patients, add precision to developmental models of AN, and hopefully,
Abbreviations: AN, anorexia nervosa; ARFID, avoidant restrictive food intake disorder
GI, gastrointestinal.
spur research into novel treatments that address the role of aversive
visceral conditioning in AN. We propose the following hypotheses
(some not new, just re-articulated within a developmental framework)
and ways forward to test them. In this framework, we propose that early
gastrointestinal (GI) pain and discomfort experiences may increase vis-
ceral vigilance and preoccupation with GI sensations and create learning
experiences that heighten risk for AN prior to any fears of weight gain.
Hypothesis 1 Early pain and discomforting biological events increase
vulnerability for the later onset of AN.
GI symptoms are common in AN during the acute phase of the ill-
ness, challenge treatment retention, and increasingly, have been shown
to persist after recovery (Boyd, Abraham, & Kellow, 2010; Heruc et al.,
2018; Mascolo, Geer, Feuerstein, & Mehler, 2017; Norris et al., 2016;
Salvioli et al., 2013). Accumulating data suggest that adverse GI symp-
toms or GI-related autoimmune diseases marked by GI pain and food-
related exacerbations (e.g., celiac disease or Crohn's) in childhood are
associated with elevated risk for developing disordered eating and eat-
ing disorders in adolescence (Hedman et al., 2019; Jacobi, Hayward, de
Zwaan, Kraemer, & Agras, 2004; Marchi & Cohen, 1990; Mårild et al.,
2017; Raevuori et al., 2014; Rastam, 1992; Wiklund et al., 2019; Zerwas
et al., 2017). These symptoms are also typically seen as normative and
expected sequelae of malnutrition and renourishment: Salvioli et al.
(2013) reported that over 90% of individuals with AN endorsed
GI symptoms, and that while many GI symptoms significantly improved
with treatment, abdominal pain and nausea persisted. The presence of
GI symptoms necessitating specialty GI care has been shown to mark a
more severe disorder course and elevated morbidity (Emmanuel, Stern,
Treasure, Forbes, & Kamm, 2004). Combined, the data suggest that GI
symptoms are a well-documented and frequent component of the pre-
sentation of AN, and an expanding body of research documents that for
a significant subset of individuals, GI symptoms may precede diagnosis
and persist following intervention.
Learning models that attempt to explain pain exacerbation may
help clarify the contribution of GI symptoms to the course of AN
(Leeuw et al., 2007). Early aversive experiences of the GI tract may
sensitize pain pathways, leading to amplification, preoccupation, and
generalization to innocuous sensations (Labus, Mayer, Chang, Bolus, &
Naliboff, 2007). Pain is an important learning signal: individuals
efficiently develop behaviors to avoid pain. According to the fear-
avoidance model of pain (Leeuw et al., 2007), avoidance would gener-
alize to innocuous sensations that may predict pain exacerbation. For
example, while bloating is uncomfortable, it may be conditioned to be
experienced as dangerous if it has been a reliable predictor of pain.
Furthermore, given the intrusiveness of GI symptoms, hypervigilance
and monitoring of GI sensations are well-documented in individuals
with GI disease. As such, individuals with a history of GI symptoms in
childhood may become preoccupied with gut sensations, which could
contribute to increased risk for AN. In partial support of this hypothe-
sis, overanxious disorder (now referred to as generalized anxiety dis-
order), a disorder characterized by elevated somatic symptoms and
related somatic fear as part of a constellation of excessive worry
across multiple domains, has been shown to increase the odds of later
onset of AN by a factor of 13.4 (Bulik, Sullivan, Fear, & Joyce, 1997).
While additional research is needed to further inform the time course
of GI symptoms and the psychological sequelae of these symptoms,
data so far suggest that early GI symptoms may increase vulnerability
for the later onset of AN (Jacobi et al., 2004).
Hypothesis 2 The avoidance of interoceptive sensations precludes accu-
rate mapping of emotional response and valence appraisal.
Children learn to interpret interoceptive sensations and to integrate
them into goal-directed activities: a child feels butterflies in her stom-
ach, labels her experience as anxiety, and seeks out a source of support
(Hietanen, Glerean, Hari, & Nummenmaa, 2016; Zucker et al., 2017).
AN is notable for a disconnect between somatic signals and adaptive
responses (e.g., hunger and the eating response). Thus, early attempts
to avoid an ever-widening category of sensations may contribute to a
lack of self-awareness and self-attunement that may increase vulnera-
bility to AN. We hypothesize that one's learning history of aversive vis-
ceral events, one's emotional reaction to and assignment of valence to
those events (i.e., as dangerous or innocuous), and the degree to which
one inhibits their visceral experiences or integrates them into adaptive
actions are important pieces to truly understand the experience of the
body in AN. This is not a new conceptualization: Bruch proposed that
this subversion of interoceptive mapping increased vulnerability for the
subsequent need for control of the body (a theme of motivation for
weight loss in AN), in part, in response to the somatic volatility of
puberty (Bruch, 1980). Minuchin, in turn, focused on how physical vul-
nerabilities in a child organize a family and maintain symptom expres-
sion. These observations were important historical contributions to
theoretical models of family therapy and of viewing AN as a psychoso-
matic disorder embedded in a “psychosomatic family” (Minuchin et al.,
1975). In line with these early conceptualizations of AN as a psychoso-
matic disorder, the term “low interoception” was employed in the eating
disorder field to connote alexithymia, an inability to ascribe meaning to
various visceral sensations. While the term interoception is now
employed more precisely to distinguish the various phases at which an
individual can sense, interpret, and integrate visceral sensations into
adaptive actions (Khalsa et al., 2018), this earlier conceptualization of
low interoception has been documented as a nonspecific, variable risk
factor of low to medium effect (Jacobi et al., 2004). More recently, con-
trolled laboratory studies verified that in ambiguous conditions, individ-
uals with AN have difficulty discriminating adaptive visceral signals from
false alarms and experience “visceral illusions” that indicate decreased
body awareness (Khalsa et al., 2015; Khalsa et al., 2018). Thus our con-
ceptualization adds to this body of evidence by highlighting the poten-
tial importance of early GI events as contributing to subsequent
somatic avoidance and confusion.
Hypothesis 3 Early GI events may increase vulnerability to the develop-
ment of a fear of weight gain specifically and dangerous weight-
loss behaviors that have the added motivation of altering GI
experience.
Individuals with AN claim to feel better when starved, but what
does that actually mean? The field has interpreted it to mean a fear
of weight gain, but it may be additionally conceptualized as a condi-
tioned fear of the aversive visceral associations that are associated
with eating, bloating, and higher weight. Thus, while models of
sociocultural influence of the thin-ideal may influence the form of
symptom expression, we propose that alterations in GI experience in
sensitive individuals may provide additional sources of reinforce-
ment for dangerous weight-loss behaviors (Rodin, Silberstein, &
Striegel-Moore, 1984). Alternatively, or in addition, the presence of
early GI symptoms may contribute to a lower body mass index, a
specific risk factor for AN (Stice, Gau, Rohde, & Shaw, 2017). What
is important is that the early pain experiences may exert influence,
even if the symptom has been treated or the memory is not accessi-
ble. This may help to explain strong “gut feelings”—strongly held
convictions with a distinct visceral component—convictions that
often conflict with objective facts. For example, an individual with
AN may report that an adaptive behavior such as eating a meal
“feels wrong” despite recognizing factually that the behavior of eat-
ing a meal is health-sustaining. Thus, learning history is important:
we may too quickly dismiss experiences as manifestations of anxi-
ety, when it may be more accurate to ascribe aberrant behaviors as
remnants of these visceral memory traces—a more dignifying expla-
nation that acknowledges an individual's history. Likewise, the
dreaded phrase, “I feel fat” has been challenged by cognitive-
behavioral practitioners as nonspecific. Ideally, such somatic experi-
ences are used as an opportunity to further explore associated or
underlying emotions or aversive learning histories. Such in-depth
exploration could provide important clues to precisely those visceral
sensations that are threatening to individuals with AN and the asso-
ciated meanings and related triggers attached to these sensations.
Hypothesis 4 Puberty is high risk for AN onset in females in part due to
the onslaught of uncomfortable GI (or interpretable as GI) events.
Puberty in girls is associated with weight gain, changes in fat dis-
tribution, and an array of uncomfortable physical sensations related to
GI and reproductive organs (e.g., bloating and cramps). The starvation
associated with AN eliminates or minimizes menstruation and the
attendant GI/abdominal discomfort. One could argue that starvation
itself instigates uncomfortable GI sensations (i.e., hunger pangs). How-
ever, hunger pangs differ in important ways from the unpredictable
and often volatile changes in the GI system that accompany puberty.
Post-traumatic stress disorder research indicates that the perceived or
actual controllability of the event predicts whether a traumatic event
will result in dysfunction (Ehlers & Clark, 2000). Translated to AN, sen-
sations that are “controlled” (i.e., starvation) would be preferred to
those that are not (i.e., menstruation-related abdominal discomfort).
Starvation is a dominant experience that would provide “controllable”
explanations for somatic sensations and thus may provide a valued
substitute. With the minimization or suppression of puberty, uncon-
trollable somatic events are replaced by somatic sensations that can
be ascribed directly to one's behaviors.
Hypothesis 5 Hospital-based renourishment is uncomfortable and reca-
pitulates many of the uncomfortable GI sensations that individuals
with AN most fear.
Premature discontinuation of treatment is unsurprising given that
our treatment basically prescribes our patients' pain and discomfort.
There is an imperative need to improve the tolerability and acceptabil-
ity of renourishment. GI discomfort during refeeding is ubiquitously
noted. GI consults are frequent, and observed abnormalities such as
delayed gastric emptying are typically ascribed to the effects of pro-
longed starvation. From the standpoint of aversive visceral condition-
ing, it is hard to imagine a constellation of circumstances that would
more perfectly recapitulate learned avoidance. Opportunities for
novel research abound here: diets that manipulate rate of gastric emp-
tying, diets that reduce the inflammatory responses to refeeding, diets
that reduce gas production—all hold promise. It is crucial to emphasize
in light of the role of controllability that the very existence of conver-
sations that give patients agency in the planning of their own weight
restoration could itself provide direct treatment benefit, not only in
improving aversive conditioning, but also by enhancing the experience
of self-attunement and motivation for treatment.
Hypothesis 6 Interventions that involve interoceptive mapping and
recontextualize sensations may have promise.
Novel dietary approaches to refeeding are an obvious strategy to
improve interventions for AN that do not recapitulate aversive vis-
ceral experiences. This conceptualization also points toward the
importance of strategies that help individuals relearn (or learn) that
visceral sensations are informative and provide important messages
about what an individual needs. Such strategies could also aid in
ascribing valence to visceral sensations to help distinguish between
the innocuous and the truly threatening. Such interventions could aid
in helping patients to listen reliably and respond to bodily signals,
increasing trust in one's body and the feeling of safety. In turn, this
could increase willingness to try new experiences that may have
unknown effects on the viscera—experiences that were previously
avoided. Notably, such interventions could have value irrespective of
further confirmatory evidence (or lack thereof) supporting the etiolog-
ical contribution of early GI events.
2 | SUMMARY AND RESEARCH
DIRECTIONS
This conceptualization emerges from increasing evidence of histories
of aversive childhood GI experiences in individuals with AN. We
emphasize the importance of learning and incorporate concepts from
both the fields of pain and gastroenterology. Visceral memories can
be powerful, and their impacts can be important and enduring shapers
of behavior—especially behavioral avoidance. For example, aversive
experiences with contaminated foods can create one-trial learning
experiences that cement food avoidance for a lifetime (Recall that
food you vomited after. Would you consider eating it again?) (Garcia,
Kimeldorf, & Koelling, 1955). Other constitutional factors may also
contribute to the extent to which visceral conditioning leads to behav-
ioral avoidance. Biologically, individuals who are prone to visceral con-
ditioning may actually have more highly enervated GI systems,
amplifying the experience of innocuous GI events. Alternatively,
altered neuroplasticity in response to visceral pain may enhance
learning—even when pain or associated inflammation has been
resolved (Brierley & Linden, 2014).
Regardless of origin, our conceptualization raises important points
to consider. First, we emphasize that this formulation is intended to
enhance our understanding of a certain facet of AN, somatic experi-
ence, and not serve as a model that seeks to explain all of AN phenome-
nology and pathophysiology. Notwithstanding, this formulation points
to the importance of a thorough review of childhood GI experiences in
the assessment of eating disorders. Although this is becoming standard
in the assessment of ARFID, application to the assessment of all eating
disorders may enrich our formulations. Second, the field is ripe for the
development of renourishment approaches that reduce GI discomfort.
The goal would be to improve treatment tolerability and acceptability,
reduce premature treatment discontinuation, and assist with the diffi-
cult task of providing adequate energy to re-establish a healthy and
maintainable BMI. This emphasis may prove important irrespective of
eating disorder diagnosis and thus is consistent with a transdiagnostic
framework broadly or for a subset individuals with somatic complaints.
Intriguingly, colleagues in agriculture may be important consultants, as
they are frequently under pressure from environmentalists to develop
healthy diets that reduce methane production in livestock (Alemu, Vyas,
Manafiazar, Basarab, & Beauchemin, 2017). Finally, developing inter-
ventions that aid individuals in interoceptive re-mapping may hold
promise in helping patients develop more accurate cartography of their
internal sensations, their meaning, and their threat (Craske et al., 2011;
Plasencia, Sysko, Fink, & Hildebrandt, 2019; Zucker et al., 2017; Zucker
et al., 2019). Finding ways to assist our patients to develop a less adver-
sarial relationship with their own physiology is an important treatment
target. Our hope is that this proposed conceptualization of AN as a
learned response to aversive visceral experiences will provide some
guidance to catalyze research and treatment development in this area.
ACKNOWLEDGMENTS
This study was funded by the National Institute of Mental Health
R21MH115397, R33MH097959; Swedish Research Council
(538-2013-8864).
CONFLICT OF INTEREST
Dr. Bulik reports being a grant recipient and member of advisory
boards for Shire, a consultant for Idorsia, and a royalty recipient from
Pearson (all unrelated to this article). Dr. Zucker has no financial rela-
tionships to disclose.
DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were cre-
ated or analyzed in this study.
ORCID
Nancy L. Zucker https://orcid.org/0000-0003-2278-5008
Cynthia M. Bulik https://orcid.org/0000-0001-7772-3264
REFERENCES
Alemu, A. W., Vyas, D., Manafiazar, G., Basarab, J. A., & Beauchemin, K. A.
(2017). Enteric methane emissions from low- and high-residual feed
intake beef heifers measured using GreenFeed and respiration cham-
ber techniques. Journal of Animal Science, 95(8), 3727–3737. https://
doi.org/10.2527/jas.2017.1501
Boyd, C., Abraham, S., & Kellow, J. (2010). Appearance and disappearance
of functional gastrointestinal disorders in patients with eating disor-
ders. Neurogastroenterology and Motility, 22(12), 1279–1283. https://
doi.org/10.1111/j.1365-2982.2010.01576.x
Brierley, S. M., & Linden, D. R. (2014). Neuroplasticity and dysfunction
after gastrointestinal inflammation. Nature Reviews Gastroenterology
and Hepatology, 11(10), 611–627. https://doi.org/10.1038/nrgastro.
2014.103
Bruch, H. (1980). Preconditions for the development of anorexia nervosa.
American Journal of Psychoanalysis, 40(2), 169–172. https://doi.org/
10.1007/bf01254810
Bulik, C. M., Sullivan, P. F., Fear, J. L., & Joyce, P. R. (1997). Eating disor-
ders and antecedent anxiety disorders: A controlled study. Acta Psy-
chiatrica Scandinavica, 96(2), 101–107. https://doi.org/10.1111/j.
1600-0447.1997.tb09913.x
Craske, M. G., Wolitzky-Taylor, K. B., Labus, J., Wu, S., Frese, M.,
Mayer, E. A., & Naliboff, B. D. (2011). A cognitive-behavioral treatment
for irritable bowel syndrome using interoceptive exposure to visceral
sensations. Behaviour Research and Therapy, 49(6–7), 413–421.
https://doi.org/10.1016/j.brat.2011.04.001
Ehlers, A., & Clark, D. M. (2000). A cognitive model of posttraumatic stress
disorder. Behaviour Research and Therapy, 38(4), 319–345.
Emmanuel, A. V., Stern, J., Treasure, J., Forbes, A., & Kamm, M. A. (2004).
Anorexia nervosa in gastrointestinal practice. European Journal of Gas-
troenterology and Hepatology, 16(11), 1135–1142. https://doi.org/10.
1097/00042737-200411000-00009
Garcia, J., Kimeldorf, D. J., & Koelling, R. A. (1955). Conditioned aversion
to saccharin resulting from exposure to gamma radiation. Science, 122
(3160), 157–158.
Hedman, A., Breithaupt, L., Hubel, C., Thornton, L. M., Tillander, A.,
Norring, C., … Bulik, C. M. (2019). Bidirectional relationship between
eating disorders and autoimmune diseases. Journal of Child Psychology
and Psychiatry, 60(7), 803–812. https://doi.org/10.1111/jcpp.12958
Heruc, G. A., Little, T. J., Kohn, M., Madden, S., Clarke, S., Horowitz, M., &
Feinle-Bisset, C. (2018). Appetite perceptions, gastrointestinal symptoms,
ghrelin, peptide YY and state anxiety are disturbed in adolescent females
with anorexia nervosa and only partially restored with short-term
refeeding. Nutrients, 11(1). https://doi.org/10.3390/nu11010059
Hietanen, J. K., Glerean, E., Hari, R., & Nummenmaa, L. (2016). Bodily maps
of emotions across child development. Developmental Science, 19(6),
1111–1118. https://doi.org/10.1111/desc.12389
Jacobi, C., Hayward, C., de Zwaan, M., Kraemer, H. C., & Agras, W. S.
(2004). Coming to terms with risk factors for eating disorders: Applica-
tion of risk terminology and suggestions for a general taxonomy.
Psychological Bulletin, 130(1), 19–65. https://doi.org/10.1037/0033-
2909.130.1.19
Kassab, M., Hamadneh, S., Nuseir, K., ALmomani, B., & Hamadneh, J.
(2018). Factors associated with infant pain severity undergoing immu-
nization injections. Journal of Pediatric Nursing, 42, e85–e90. https://
doi.org/10.1016/j.pedn.2018.04.002
Khalsa, S. S., Adolphs, R., Cameron, O. G., Critchley, H. D.,
Davenport, P. W., Feinstein, J. S., … Paulus, M. P. (2018). Interoception
and mental health: A roadmap. Biol Psychiatry Cogn Neurosci Neuroim-
aging, 3(6), 501–513. https://doi.org/10.1016/j.bpsc.2017.12.004
Khalsa, S. S., Craske, M. G., Li, W., Vangala, S., Strober, M., & Feusner, J. D.
(2015). Altered interoceptive awareness in anorexia nervosa: Effects
of meal anticipation, consumption and bodily arousal. The International
Journal of Eating Disorders, 48(7), 889–897. https://doi.org/10.1002/
eat.22387
Khalsa, S. S., Hassanpour, M. S., Strober, M., Craske, M. G.,
Arevian, A. C., & Feusner, J. D. (2018). Interoceptive anxiety and body
representation in anorexia nervosa. Frontiers in Psychiatry, 9, 444.
https://doi.org/10.3389/fpsyt.2018.00444
Labus, J. S., Mayer, E. A., Chang, L., Bolus, R., & Naliboff, B. D. (2007). The
central role of gastrointestinal-specific anxiety in irritable bowel syn-
drome: Further validation of the visceral sensitivity index. Psychoso-
matic Medicine, 69(1), 89–98. https://doi.org/10.1097/PSY.
0b013e31802e2f24
Leeuw, M., Goossens, M. E., Linton, S. J., Crombez, G., Boersma, K., &
Vlaeyen, J. W. (2007). The fear-avoidance model of musculoskele-
tal pain: Current state of scientific evidence. Journal of Behavioral
Medicine, 30(1), 77–94. https://doi.org/10.1007/s10865-006-
9085-0
Marchi, M., & Cohen, P. (1990). Early-childhood eating behaviors and ado-
lescent eating disorders. Journal of the American Academy of Child and
Adolescent Psychiatry, 29(1), 112–117. https://doi.org/10.1097/
00004583-199001000-00017
Mårild, K., Stordal, K., Bulik, C. M., Rewers, M., Ekbom, A., Liu, E., &
Ludvigsson, J. F. (2017). Celiac disease and anorexia nervosa: A nation-
wide study. Pediatrics, 139(5), e20164367. https://doi.org/10.1542/
peds.2016-4367
Mascolo, M., Geer, B., Feuerstein, J., & Mehler, P. S. (2017). Gastrointesti-
nal comorbidities which complicate the treatment of anorexia nervosa.
Eating Disorders, 25(2), 122–133. https://doi.org/10.1080/10640266.
2016.1255108
Minuchin, S., Baker, L., Rosman, B. L., Liebman, R., Milman, L., &
Todd, T. C. (1975). A conceptual model of psychosomatic illness in
children. Family organization and family therapy. Archives of General
Psychiatry, 32(8), 1031–1038. https://doi.org/10.1001/archpsyc.
1975.01760260095008
Norris, M. L., Harrison, M. E., Isserlin, L., Robinson, A., Feder, S., &
Sampson, M. (2016). Gastrointestinal complications associated with
anorexia nervosa: A systematic review. International Journal of Eating
Disorders, 49(3), 216–237. https://doi.org/10.1002/eat.22462
Pavlov, I. P. (1957). Works on digestion. In Experimental psychology
(pp. 83–129). New York, NY: New York Philosophical Library.
Plasencia, M., Sysko, R., Fink, K., & Hildebrandt, T. (2019). Applying the
disgust conditioning model of food avoidance: A case study
of acceptance-based interoceptive exposure. International Journal of
Eating Disorders, 52(4), 473–477. https://doi.org/10.1002/eat.23045
Raevuori, A., Haukka, J., Vaarala, O., Suvisaari, J. M., Gissler, M.,
Grainger, M., … Suokas, J. T. (2014). The increased risk for autoim-
mune diseases in patients with eating disorders. PLoS One, 9(8),
e104845. https://doi.org/10.1371/journal.pone.0104845
Rastam, M. (1992). Anorexia-nervosa in 51 Swedish adolescents—
Premorbid problems and comorbidity. Journal of the American Academy
of Child and Adolescent Psychiatry, 31(5), 819–829. https://doi.org/10.
1097/00004583-199209000-00007
Rodin, J., Silberstein, L., & Striegel-Moore, R. (1984). Women and weight:
A normative discontent. Nebraska Symposium on Motivation, 32,
267–307.
Salvioli, B., Pellicciari, A., Iero, L., Di Pietro, E., Moscano, F., Gualandi, S., …
Franzoni, E. (2013). Audit of digestive complaints and psychopatholog-
ical traits in patients with eating disorders: A prospective study. Diges-
tive and Liver Disease, 45(8), 639–644. https://doi.org/10.1016/j.dld.
2013.02.022
Stice, E., Gau, J. M., Rohde, P., & Shaw, H. (2017). Risk factors that predict
future onset of each DSM-5 eating disorder: Predictive specificity in
high-risk adolescent females. Journal of Abnormal Psychology, 126(1),
38–51. https://doi.org/10.1037/abn0000219
Wiklund, C. A., Kuja-Halkola, R., Thornton, L. M., Hubel, C., Leppa, V., &
Bulik, C. M. (2019). Prolonged constipation and diarrhea in childhood
and disordered eating in adolescence. Journal of Psychosomatic Research,
126, 109797. https://doi.org/10.1016/j.jpsychores.2019.109797
Zerwas, S., Larsen, J. T., Petersen, L., Thornton, L. M., Quaranta, M.,
Koch, S. V., … Bulik, C. M. (2017). Eating disorders, autoimmune, and
autoinflammatory disease. Pediatrics, 140(6), e20162089. https://doi.
org/10.1542/peds.2016-2089
Zucker, N. L., LaVia, M. C., Craske, M. G., Foukal, M., Harris, A. A.,
Datta, N., … Maslow, G. R. (2019). Feeling and body investigators
(FBI): ARFID division—An acceptance-based interoceptive exposure
treatment for children with ARFID. International Journal of Eating Dis-
orders, 52(4), 466–472. https://doi.org/10.1002/eat.22996
Zucker, N. L., Mauro, C., Craske, M., Wagner, H. R., Datta, N., Hopkins, H.,
… Egger, H. (2017). Acceptance-based interoceptive exposure for
young children with functional abdominal pain. Behaviour Research and
Therapy, 97, 200–212. https://doi.org/10.1016/j.brat.2017.07.009
How to cite this article: Zucker NL, Bulik CM. On bells, saliva,
and abdominal pain or discomfort: Early aversive visceral
conditioning and vulnerability for anorexia nervosa. Int J Eat
Disord. 2020;53:508–512. https://doi.org/10.1002/eat.23255
